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Introduction
With the development of international financial markets, financial instruments have contributed to international capital market integration by increasing capital mobility between developed and emerging countries. Therefore asset parity has become a vital consideration for all international investors. Uncovered interest parity (UIP) is one of the most important theoretical relations used in analytical work in both international finance and macroeconomics. It is also a key assumption in many of the models of exchange rate determination.
UIP implies that the interest rate differential should be equal to the exchange rate change. However, in reality, low interest rate currencies tend to depreciate relative to high interest rate currencies. This is inconsistent with UIP and has been confirmed by an extensive literature for different countries and periods. Overall there has been no consensus on how to explain the failure of UIP. A number of explanations for the deviations from UIP include the failure of rational expectations, the time-varying risk premium and nonlinear behavior. The time-varying risk premium is one of the most frequently cited reasons leading to the failure of UIP (see Froot and Thaler, 1990; McCallum, 1994; Meredith and Chinn, 2004) . Therefore, it is necessary to continue investigating whether the time-varying risk premium could affect the validation of UIP especially over the periods of the Asian financial crisis and the recent credit crisis.
The two contributions of this paper are as follows. First of all, following the financial and credit crises over the sample period considered in this study, there has been a rapid change in risk across the world. To account for this, the CGARCH-in-mean model incorporating asymmetric adjustment is used to reflect the substantial rapid 2 change in risk and separates out the permanent and transitory risk in the UIP condition.
It is a superior volatility model for exchange rates, as it can distinguish the permanent and transitory volatility components to describe volatility dynamics better than other GARCH models (Black and McMillan, 2004; Guimarães and Karacadag, 2004; Byrne and Davis, 2005; Pramor and Tamirisa, 2006; Christoffersen et al, 2006; Neely, 2008 and Wei, 2009) . Separating permanent and transitory risk is important to assessing whether this uncertainty is driven by macroeconomic fundamentals or by market sentiments, which will affect the investment strategies. This is the first time that the CGARCH model has been used to measure the risk premium in UIP, which could partly explain the UIP puzzle. Secondly, we select both developed and emerging countries for comparison. The majority of the literature on UIP concentrates on low inflation and floating exchange rate regime countries. However Flood and Rose (2002) , Huisman et al (2007) and Ichiue and Koyama (2008) demonstrate that countries which have high exchange rate and interest rate volatility work better regarding UIP than others. Comparing the different UIP results between developed and emerging countries could help us to understand the volatility effect for both sets of countries.
The main result of this study is that including the risk premium in UIP improves the precision of the estimation, but it is still hard to explain the failure of UIP even using a sophisticated measure of risk. This study finds a significant risk premium in most countries, suggesting that risk is an important part of modeling exchange rates and needs to be considered in both empirical and theoretical models. The transitory shifts in financial market sentiment tend to be less important determinants of risk than shocks to the underlying macroeconomic fundamentals. In general, emerging 3 countries work better in terms of UIP than developed countries.
The remainder of this paper is organized as follows. Section 2 presents the theory of UIP and the previous literature. In section 3, the method is described. Section 4 presents the data and the main empirical analysis in order to see whether UIP holds and Section 5 concludes and suggests further areas of study.
Uncovered Interest Parity and the Risk Premium
Uncovered Interest Parity
UIP suggests that the domestic currency is expected to depreciate when the domestic interest rate exceeds the foreign interest rate 1 . It is a non-arbitrage condition between investing in domestic currency denominated assets and foreign currency denominated assets, so it can be expressed as:
where i t,k represent the domestic interest rate at time t of maturity k, i t,k * is the foreign interest rate, S denotes the exchange rate which is the domestic currency price of a unit of foreign currency and E t is the expectations at time t. Taking natural logarithms of the above equation (1) and imposing the rational expectation and risk neutrality assumptions to get the following empirical equation for UIP:
where Δs t+ k is the change in the log of the spot exchange rate over k periods and (i t -i t * ) is the current k period home interest rate less the k period foreign interest rate. The 1 As Holmes et al. (2012) note, the UIP literature and the literature on the international links between term structures are closely related, so the literature on these two topics share many common features. 4 null hypothesis for UIP is that 1 , 0     . We also expect that the error term is Gaussian and stationary. However, most empirical evidence on developed economies suggests that exchange rate changes and interest rate differentials are negatively correlated, with high domestic interest rates predicting an appreciation. Froot and Thaler (1990) summarize the coefficient results from 75 published studies, most giving a negative β coefficient and those with positive coefficients having less than the hypothesized value of one, the average value of the coefficient is -0.88.
Risk Premium
Most empirical tests of UIP are based on assumptions of rational expectations and risk neutrality, one obvious explanation for the UIP failure is the existence of a timevarying risk premium. The time-varying risk premium is a part of the OLS residuals and its correlation with the exchange rate change causes the estimated beta coefficient to be biased. If market participants are risk averse, then the forward rate will equal the expected spot exchange rate plus a risk premium (Meredith and Chinn, 2004; Chinn, 2006) . The risk premium δ is written as:
If we assume that CIP holds (
f s i i    ), the equation could change to:
We rearrange the equation (4) and get the following equation (5) 
In this situation, the interest rate differential could not be interpreted as the expected change in the exchange rate. The interest differential is equal to the expected change in the exchange rate plus a risk premium. In emerging markets, interest rates and price 5 levels are more volatile than those in developed countries. Therefore, investors required more compensation for holding emerging market assets and the interest rates in emerging market have to be higher to maintain capital inflow. Under rational expectations, the UIP model considers the risk premium being expressed as:
The empirical formulation of the currency risk premium, following previous research by Domowitz and Hakkio (1985) and Tai (1999) is defined as:
 is the conditional component of the standard deviation of the error term.
The risk premium has a constant component (α) and a time-varying component, which is the conditional standard deviation. If both α and γ are insignificantly different from zero, there is no risk premium. If α≠0 but γ=0, there is a constant risk premium. Only when γ≠0 does the time-varying risk premium exist. The previous finding of β<0 means that the increase in the interest rate differential is combined with the decline in the expected change in the exchange rate and a larger rise in the risk premium.
Investors are demanding a large risk premium for holding risky currencies and expect the currency to appreciate rather than depreciate. Investors of the risky currencies are compensated by both higher interest rates and by currency appreciation 2 . Froot and Frankel (1990) use survey data on exchange rate expectations to decompose the deviations from UIP into deviations caused by expectation error and a time-6 varying risk premium. They find that the largest part of deviations from UIP is caused by expectation error, while the time-varying risk premium plays a minor role.
However, the results of MacDonald and Torrance (1989), Taylor (1989) and Cavaglia et al. (1993) indicate an important role for the time-varying risk premium rather than the expectation error. Froot and Thaler (1990) demonstrate in their paper that the risk premium significantly affects UIP. Fama (1984) and Anker (1999) provide evidence that when the correlation between the risk premium and the change in the exchange rate is negative, the estimated coefficient on the interest differential is less than zero.
McCallum (1994) and Meredith and Chinn (2004) point out that the risk premium is the main reason leading to UIP failure over the short-term horizon. However, in the long term, exchange rates are determined by fundamentals. Berk and Knot (2001) following the seminal work of Engle et al. (1987) , allow for a time-varying risk premium by estimating the UIP relationship as the conditional mean in an ARCH model. Poghosyan et al. (2008) test UIP in Armenia and find that UIP holds better than other studies and there exists a positive time-varying risk premium based on the GARCH-M model. Melander (2009) tests the risk premium in the UIP condition, which is measured by the GARCH-M model in Bolivia and provides evidence that UIP does not hold, but the deviation from UIP is smaller than before.
Earlier empirical studies on the UIP condition mostly focus on developed economies rather than emerging markets because of a lack of data. However, the deviations from UIP in emerging countries are likely to be larger and more persistent than in the developed economies. The increase in the degree of financial liberalization in emerging markets enabled many researchers to analyze the emerging foreign exchange market. Some recent studies indicated that the UIP condition might work 7 better in emerging countries with fixed exchange rates than in developed countries. Flood and Rose (1996) find that UIP holds better for fixed exchange rates than floating exchange rates. But they said there is no theoretical reason to explain this difference of exchange rate regime change. Flood and Rose (2002) conclude that UIP works better for countries in crisis which have high exchange rate and interest rate volatility 3 . Bansal and Dahlquist (2000) find that the negative correlation between the expected currency depreciation and interest rate differentials is only present in developed countries where its interest rate is lower than the interest rate of the US, but not in the emerging countries. In other word, UIP tends to hold in emerging countries rather than developed countries. Frankel and Poonawala (2006) find small deviations from UIP in emerging countries.
The CGARCH model has been widely used recently in both economics and finance. It decomposes volatility into permanent and transitory components. Separating the permanent and transitory risk premium could help us to understand the source of uncertainty, because investment decisions heavily depend on whether this uncertainty is permanent or transitory (Byrne and Davis, 2005) . Black and McMillan (2004) find evidence of short-run and long-run components in exchange rates, which exhibit different rates of volatility persistence and decay from a shock to volatility. They also find that the CGARCH specification provides a more adequate description of exchange rate volatility than a GARCH specification. Pramor and Tamirisa (2006) analyze exchange rate volatility trends in Central and Eastern European (CEE) 3 There is also extensive literature on the related theme of UIP and speculation. For instance Craighead et al. (2010) discuss the 'extreme support' for UIP theory, where using the large outlier observations offers more support for UIP, although their evidence fails to provide complete support for this theory.
8 currencies and the euro and find the long-run volatility is mainly driven by shocks to economic fundamentals rather than shifts in market sentiment. Simόn and Amalia (2011) examine the relationship in the volatility of sovereign yields using a CGARCH model to decompose permanent and transitory volatility. The results suggest that transitory shifts in debt market sentiment tend to be less important determinants of bond yield volatility than shocks to the underlying fundamentals.
There is a large body of literature providing evidence that the CGARCH model works better than the standard GARCH models. Christoffersen et al (2006) show that distinguishing between short-run and long-run components, enables the CGARCH model to describe volatility dynamics better than the standard GARCH model. Ghysels et al (2005) and Guo and Whitelaw (2006) state that better measures of conditional volatility might produce more precise estimates of the risk-return relationship. Guo and Neely (2008) use the CGARCH model to distinguish between the effects of the long-run and short-run volatility components in stock prices and the results favor the CGARCH model over the standard GARCH model. Consistent with the US evidence, the long-run volatility is a more important determinant of the conditional equity premium than the short-run for most international markets. Wei 
Methodology
The GARCH-in-mean (GARCH-M) model introduced by Engle et al (1987) was designed to capture the relationship between return and risk, such as with the CAPM.
The applications of GARCH-M models to stock returns, interest rates and exchange rates can be found in Bollerslev et al (1992) . We follow the paper of Berk and Knot (2001) and Melander (2009) 
where σ t+1 is the standard deviation of the error term and denotes the time-varying risk premium that directly affects the exchange rate.
The GARCH class model used in this paper is the component GARCH (CGARCH) model proposed by Engle and Lee (1999) as many researchers find it is a superior volatility model. They extended the GARCH model to ensure that the volatility is not constant in the long-run and decomposed volatility into two components, the long-run trend 4 and short-run deviations from that trend. The two components of volatility are typically interpreted as driven by different factors: the long-run trend in volatility as reflecting shocks to economic fundamentals, and transitory volatility being driven by market sentiment and short-term position-taking. However as yet no one has used it to test the risk premium in UIP. This paper includes the asymmetric term in the CGARCH-M model based on the GJR GARCH model by Glosten, Jagannathan and Runkle (1993) 
where D t is a dummy variable for the asymmetric effect indicating unexpected exchange rate appreciation, D t =1 for ε t <0, D t =0 otherwise, q t+1 is the long-run 
Data and Empirical Analysis
The data set consists of monthly exchange rates and interest rates 6 for developed and emerging countries, which has been collected from Datastream and the Bank for International Settlements (BIS). The exchange rate data is the first day's value for each month. The 1 month interest rate data are collected from Datastream. The time periods for the various countries are different due to data limitations. There tends to be a negative correlation between the interest differential and risk measure for the developed countries but not the developing ones, which supports the finding that UIP tends to hold in developing countries but not the more developed ones. The correlation between the interest rate differential and risk premium as follows: are problems such as serial correlation 8 and the ARCH effect 9 . In the following sections we will test GARCH class models to decide whether the risk premium affects the UIP condition. This is consistent with previous literature (Froot and Thaler, 1990) . However, the β coefficients are positive and significant for three of the five emerging countries.
Compared with the results from the OLS, the β coefficients for Thailand and Russia have increased and are close to one. The coefficients of the time-varying risk premium are significant in seven out of ten cases. The negative γ coefficient corresponds to the mean-variance theory or alternatively expected utility theory. It implies that when there is an increase in risk, the deprecation of the home currencies decreases, and the expected return from holding this home currency increases. The risk averse investors required more return when they face higher risk. This negative coefficient for the risk premium is also found by Melander (2009) Table 4 , only Japan fails to reject the null hypothesis and we conclude that the CGARCH-M model is better than the GARCH-M model and there exists time-varying long-run volatility.
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10% level. The lack of a risk premium was also found by Domowitz and Hakkio (1985) , who could not reject the null hypothesis of no risk premium for the currencies of five industrial countries using an ARCH-M model and with Baillie and Bollerslev (1990) who fail to find a time-varying risk premium for four European countries based on a multivariate GARCH model. The insignificant risk premium coefficients of Australia, Canada and Mexico may result from either a poor measure of risk or the misspecification of the model. In other words, the conditional standard deviation may not be the proper measure of risk or the univarite GARCH-M model is not an appropriate econometric model to estimate the risk premium. But there is still an improvement when testing UIP including a risk premium using a CGARCH-M model rather than the basic OLS model.
In the long-run trend equation, we find all countries have a positive and significant long-run average volatility φ 1 except for Canada, Brazil and Thailand, but the magnitude is extremely small and nearly zero. The coefficient φ 2 of the lagged permanent volatility is large and highly significant at the 1% level for all countries except for Japan, confirming the presence of long-run volatility persistence. In particular, the coefficient is close to one which means the trend persistence is very high and the permanent volatility converges to its mean level slowly. These results indicate that permanent conditional volatility exhibits long memory. Half of the forecast error parameters (φ3) are significant, capturing the influence of the timedependent movement of the permanent component.
As for the transitory components, the coefficient φ 4 measured the initial impact of a shock to the transitory component of the CGARCH model, and it is significant in 16 three out of the ten countries. The coefficient φ 6 indicates the degree of memory in the transitory component, which is significant in two out of ten cases. While the shock persistence in the transitory components measured by the sum of the (φ 4 +φ 6 ) is lower than the coefficient (φ 2 ) of the lagged permanent volatility, which implies that our model is stable and mean reversion is slow in the long run. Therefore, the long-run volatility is more persistent than the short-run. The larger long-run volatility component indicates that the risk premium is mainly driven by shocks to economic fundamentals rather than shifts in market sentiment 13 . This result is similar to previous literature, such as Black and McMillan (2004) , Guimarães and Karacadag (2004) , Byrne and Davis (2005) and Pramor and Tamirisa (2006) . The asymmetric coefficient (φ 5 ) is negative and significant in the UK, Australia and Brazil which implies unexpected domestic currency depreciations have a larger effect on volatility than unexpected appreciations. This is consistent with the currency crisis explanation and this finding is in line with the findings of Byrne and Davis (2005) . But in contrast, Japan, Switzerland, Mexico, Malaysia and Thailand have significantly positive coefficients indicating that an unexpected appreciation has a larger effect on volatility.
The explanation for the Japanese yen and Swiss francs is that they are funding currencies for the carry trade and appreciate during periods of high volatility due to the unwinding of the trade. The finding of a positive sign on the asymmetric term could be explained by studies on emerging stock markets. For instance Koutmos et al. (1993) suggested that positive shocks have a greater effect on volatility than negative shocks for the Athens stock market and could possibly be explained by investors perceiving excessive rises in asset prices as evidence of a speculative bubble, facilitating a rise in uncertainty and an associated increase in volatility. This scenario could equally arise in the emerging foreign exchange markets. We also find that developed countries have relatively low conditional standard deviation compared with other emerging countries. Emerging countries are more volatile, especially during the crisis period. This is reasonable because of their limited ability to conduct counter-cyclical monetary and fiscal policy and non-credible monetary institutions and weak fiscal position. (Hausmann et al., 2006) . Combined with the results of the β coefficients, we find that UIP works differently for countries whose exchange rate and interest rate display high or low standard deviation. The result found that UIP is more likely to be held when there is high exchange rate volatility, which is consistent with Mahieu (2007) and Ichiue and Koyama (2008) .
Conclusion
The main finding of this paper is that the risk premium is significant in most countries.
Including the risk premium in the UIP condition improves on the original model, as the β coefficient is much more significant with a risk premium included in the model than in the basic OLS model, although UIP still does not hold in many countries. This result suggests that risk is an important part of modeling the exchange rate and needs to be considered in both empirical and theoretical models. In addition the risk needs to be considered in terms of the permanent and transitory components, where the permanent component is found to have the greatest effect, suggesting it is volatility from the macroeconomic fundamentals that are the primary determinant of exchange 19 rates. This study also finds that in general emerging countries work better in terms of UIP and the inclusion of the risk premium than developed countries. The β coefficients in emerging countries, such as Brazil, Russia and Thailand are positive and close to unity. Moreover, the CGARCH-M model works better with UIP, in terms of modeling the risk premium as it considers both the long-run and short-run volatility components. However other aspects of these results are more disappointing in that the addition of the risk premium does not improve the signs or magnitudes of the interest differential in many of the countries, which suggests that the addition of a time varying risk premium doesn't completely solve the UIP puzzle.
Further research could incorporate a longer data span as more data becomes available.
It could also develop the CGARCH-M model by including both long-run and shortrun volatility in the mean equation and not just consider the conditional standard deviation. It would then be interesting to test the validation of the UIP condition with both a short-run and long-run risk premium. 
